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@ Cathode ray tube comprising a semiconductor cathod. 



@ To prevent breakdown of an insulating layer (21 ) 
located underneath a gate electrode (22), the gate 
electrode (22) is connected to an external terminal 
via a high-ohmic resistor (17). The high-ohmic resis- 



tor (17,17') may form part of a resistive network for 
biasing voltages for a plurality of gate electrodes 
(22,22'). The resistive network may be realised partly 
on the insulating layer (21). 
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The invention relates to a cathode ray tube 
comprising at least one semiconductor cathode for 
generating a electron beam, a main surface of a 
semiconductor body of said cathode being pro- 
vided with a electrically insulating layer having at 
least one aperture at the location of a electron- 
generating structure, at least one electrode for in- 
fluencing the emissive electron beam being 
present on the electrically insulating layer. 

The invention also relates to a semiconductor 
cathode for use in such a cathode ray tube. 

A cathode ray tube of this type, provided with a 
"cold cathode" is known from USP 4,303,930. In 
the semiconductor device, which is a "cold cath- 
ode", a pn junction is reverse-biased In such a way 
that there is avalanche multiplication of charge car- 
riers. Some electrons may then acquire as much 
kinetic energy as is necessary for exceeding the 
electron work function. The emission of these elec- 
trons is simplified by providing the semiconductor 
device with acceleration electrodes or gate elec- 
trodes on an Insulating layer located on the main 
surface, which insulating layer leaves an aperture 
at the location of the emissive region. Emission Is 
further simplified by providing the semiconductor 
surface at the location of the emissive region with a 
material reducing the work function such as. for 
example cesium. 

If such a cathode is built into a cathode ray 
tube, problems occur in the further manufacturing 
process. During the process, which is known as 
spot-knocking, a number of grids in the tube ac- 
quire a high to very high voltage (100 kV to 30 kV) 
while the substrate and the gate electrode(s) of the 
semiconductor cathode are, for example grounded. 
During this spot-knocking operation flashovers are 
produced so that the grid located closest to the 
cathode acquires a high voltage (approximately 10 
to 30 kV) Instead of a comparatively low voltage 
(approximately 100 V). Such a flashover may also 
occur during normal use. 

The connection wires of the substrate as well 
as the gate electrodes cannot, however, be consid- 
ered as purely ohmic connections but have a given 
inductance. This results in a large voltage differ- 
ence between the substrate and the gate electrode 
due to capacitive crosstalk between said grid and. 
for example, this substrate. This voltage difference 
Is also dependent on the inductances of the con- 
nection wires, the resistance of, for example, the 
material of the gate electrode and the duration of 
the flashover. Usually, this difference is, however, 
so large that there may be a destructive breakdown 
of the insulating layer between the gate electrode 
and the subjacent substrate. As a result, cathode 
ray tubes comprising this type of cold cathodes are 
often rejected, notably during the spot-knocking 
process. 



It is, inter afia an object of the invention to 
provide a cathode ray tube in which a solution to 
the above-mentioned problem is obtained and by 
which the number of rejects during manufacture Is 
5 reduced. 

To this end a cathode ray tube according to 
the invention is characterized in that the electrode 
is connected to a terminal via a high-ohmic resis- 
tor. 

10 The invention Is based, inter aiia on the rec- 

ognition that the gate electrode with the subjacent 
Insulating material and the semiconductor material 
can be considered to be components of a divided 
RC network. By terminating this RC network with 
76 the high-ohmic resistor, the occurrence of voltages 
due to flashovers is considerably reduced and 
breakdown of the insulating layer is prevented. 

If a plurality of semiconductor cathodes is used 
in a cathode ray tube (for example, three for the 
20 colours red. green and blue, respectively) which 
obtain the same voltage during use, a common 
connection via a high-ohmic resistor can be cho- 
sen so as to economize on the number of connec- 
tions. However, each cathode is preferably pro- 
25 vided individually with the high-ohmic resistor 
which cathodes, if necessary, are connected via 
the same terminal so as to reduce the number of 
connections. The resistors then realise a substan- 
tially complete decoupling between the different 
30 cathodes so that there is substantially no crosstalk. 

In a preferred embodiment the resistor forms 
part of a resistive network which is arranged on a 
support of ceramic material or glass on which the 
semiconductor cathodes are also arranged. The 
35 resistive network may comprise a resistive voltage 
divider (so that voltage division occurs during use) 
with which the voltages at different gate electrodes 
can be set at different values. If necessary, such a 
resistive voltage divider may also be realised on 
40 the layer of insulating material, for example by 
means of resistors of polycrystalline silicon. 

A semiconductor device for use in such a 
cathode ray tube Is characterized in that the elec- 
trically insulating layer of the semiconductor body 
46 comprises a resistive voltage divider having tap- 
pings which are connected in a electrically con- 
ducting manner to terminals of gate electrodes of 
the semiconductor cathode. 

These and other aspects of the invention will 
50 be apparent from and elucidated with reference to 
the embodiments described hereinafter. 
In the drawings 
Fig. 1 shows diagrammatically a cathode ray 
tube according to the Invention, 
55 Fig. 2 shows a substitution diagram of a part of 
the cathode ray tube of Fig. 1 . 
Fig. 3 shows diagrammatically an embodiment 
of a cathode support provided with semiconduc- 
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tor cathodes for use in a cathode ray tube 
according to the invention, 
Fig. 4 shows a cross-section taken on the line 
IV-IV in Fig, 3. 

Fig. 5 shows a modification of Fig. 4, 

Fig. 6 shows a modification of the embodiment 

of Fig. 3, while 

Fig. 7 is a plan view and Fig. 8 is a cross- 
section taken on the line VIII-VIII in Fig. 7 of a 
semiconductor cathode for use in a cathode ray 
tube according to the invention. 
The Figures are diagrammatical and not to 
scale. Corresponding elements generally have the 
same reference numerals. 

Fig. 1 shows diagrammatical ly a cathode ray 
tube 1 for picture display. This tube has a display 
window 2, a cone 3 and a neck portion 4 with an 
end wall 5. A support 6 with one or more cathodes 
7, in this case semiconductor cathodes realised in 
a semiconductor body, is present on the inner side 
on the end wall 5. The neck portion 4 accom- 
modates a plurality of (in this case 4) grid elec- 
trodes 8, 9, 10 and 12. The cathode ray tube 
further has an anode 11 at the location of the 
display window and, if necessary, deflection elec- 
trodes. Further elements associated with such a 
cathode ray tube, such as deflection coils, shadow 
masks, etc. are omitted in Fig. 1 for the sake of 
simplicity. For electrical connection of, inter alia 
the cathode and the acceleration electrodes, the 
end wall 5 has leadthroughs 13 via which the 
connection wires for these elements are electrically 
interconnected to terminals 1 4. 

In the manufacturing process the cathode ray 
tube is subjected to a process step known as spot- 
knocking so as to remove burrs and dust particles. 
In this process step, for example grid 12 acquires a 
high voltage (approximately 40 kV) while the other 
grid electrodes are provided with pulsed or non- 
pulsed voltages of approximately 30 kV. Then 
flashovers may occur so that due to capacitive 
crosstalk between, for example the grid electrode 8 
and the surface of the semiconductor body and 
gate electrodes provided on this body, voltage 
peaks of approximately 100 V to approximately 2 
kV are generated on this surface and on the gate 
electrodes (also because the associated connection 
wire behaves as an inductance with respect to 
these voltage peaks at the rate at which they are 
generated). During operation the cathode is usually 
grounded while the electrodes 8, 9, 10 and 12 are 
maintained at voltages of 100 V, 2 kV, 8 kV and 30 
kV, respectively. Such flashovers may occur also 
during this normal use, although the voltages at the 
acceleration electrodes do not necessarily occur in 
a rising sequence, as viewed from the cathode. 

If the semiconductor cathode comprises a gate 
electrode, as is described in USP 4,303,930, which 



is separated from the subjacent semiconductor sur- 
face by a insulating layer, there will easily be 
breakdown (the destructive breakdown voltage of 
such a layer may vary between approximately 200 

5 V and approximately 300 V). Consequently, there 
may not only be a short-circuit between the gate 
electrode and the semiconductor body, but also 
silicon nitride which is associated with the insulat- 
ing layer and is usually present to prevent absorp- 

10 tion of cesium by silicon oxide may be attacked. 

Fig. 2 shows diagrammatically a electrical sub- 
stitution diagram of a part of the cathode ray tube 
with the grid 8 (also denoted as Gi) diagrammati- 
cally shown as a solid line and a semiconductor 

15 cathode whose substrate is shown by means of the 
solid line 15. A gate electrode of, for example, 
polycrystalline silicon is present on the substrate 
and is separated from the substrate by a elec- 
trically insulating layer. This electrode is shown in 

20 Fig. 2 as a resistor divided into dividing resistors R. 
The capacitance between the grid electrode 8 and 
the substrate is denoted by Co. Due to the resistive 
character of the gate electrode, the capacitance 
between the grid electrode 8 and this gate elec- 

25 trode may be considered to be a divided capaci- 
tance indicated by means of capacitances Ci. In 
the same manner, the capacitances C2 represent a 
divided capacitance between the substrate and the 
gate electrode. Here it holds that Co » C2 » Ci . 

30 The inductances L denote the connection leads 24 
(Fig. 1). For the sake of simplicity of the descrip- 
tion, all these leads are connected to ground in Fig. 
2. 

If a voltage peak occurs on the grid Gi (8) due 

35 to the above-mentioned flashover, it is coupled 
through to the substrate via Co, which is indicated 
by line 15, so that this (viewed in Fig. 2) is raised 
in voltage at the left side. Since the RC network 
comprising the resistance elements R and the ca- 

40 pacitance elements Ci, C2 follows the voltage 
peak, as it were, an occurring voltage difference 
between the substrate and the gate electrode re- 
mains low at that area. At the area of the connec- 
tion of the gate electrode (junction point 16) the 

45 voltage would remain practically equal to the 
ground level v/a the connection wire 24 if the 
resistor 17 were not present, so that a large voltage 
peak would occur between gate electrode and sub- 
strate. A breakdown could then occur, dependent 

50 on the duration and height of this voltage peak and 
the thickness and quality of the insulating material. 
It is found that voltage peaks of 2 kV or higher are 
not unusual, while destructive breakdown of, for 
example, silicon oxide of a conventional thickness 

55 already occurs at 200 to 300 V. 

By providing a high-ohmic resistor 17 accord- 
ing to the invention between the junction point 16 
and the terminal 14, the same effect is achieved at 
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the location of this junction point as described for 
the left half of Fig. 2. The effect known as tx)ot- 
strap is, as it were, extended throughout the gate 
electrode. At a resistance of approximately 100 
kOhm of the resistor 1 7 voltage peaks of the order 
of approximately 80 V occur. In this case there is 
usually no destructive breakdown of the insulating 
layer. 

Fig. 3 is a plan view and Fig. 4 is a cross- 
section taken on the line IV-IV in Fig. 3 of a 
practical embodiment of a cathode support pro- 
vided with semiconductor cathodes for use in a 
cathode ray tube according to the invention. Three 
cathodes 7R, 7G, 7B supplying the electron beams 
for the colours red, green and blue, respectively, 
are mounted on a support 6 of a ceramic material 
(aluminium oxide) or, for example glass. Video sig- 
nals 18R, 18G, 18B are applied to the cathodes via 
connection metallizations 19. The beam currents 
are modulated via these video signals, for example 
by modulation of the avalanche current in a cath- 
ode as described in USP 4,303,930. Gate or accel- 
eration electrodes 22, 22' diagrammatically shown 
by means of rings In Fig. 3 are arranged around 
the actual emissive region 20 on an electrically 
insulating layer 21. If necessary, these electrodes 
may alternatively function as deflection electrodes 
and are made of, for example, polycrystalline sili- 
con. The further structure of the cathodes 7 is not 
further shown In Fig. 6 for the sake of simplicity. 
The cathodes are contacted at their lower sides via 
a metallization 28. 

The gate electrodes 22, 22' are connected via 
diagrammatically shown bonding wires 23 to (termi- 
nals of) resistors 17, 17* which may be Imple- 
mented as, for example, thin-film resistors; a ma- 
terial (for example, nickel chromium) which is con- 
ventionally used In the thin-film technology is cho- 
sen as a resistive material. Although these resistors 
are shown as discrete resistors in this case, they 
may alternatively be implemented as an uninter- 
rupted layer of resistive material of a suitable 
shape. The resistors 17, 17* have a resistance of 
100 kOhm or more and are connected at their 
other terminals to common connections 24, 24', for 
example via connection metallization faces 23, 23'. 

Since each cathode 7 has its own resistor 17 
between the gate electrode 22 and the connection 
wire 23, mutual crosstalk between the cathodes is 
now considerably limited. An Interference signal at, 
for example the connection 18R is capacitively 
coupled through to the gate electrode 22 of cath- 
ode 7R via the capacitance between the semicon- 
ductor substrate in which the cathode Is realised 
and the gate electrode. Without the resistors 17 
there would be a substantially ohmic connection 
between the gate electrodes 22 of the cathodes 7 
so that the signal which has been coupled through 



would also influence the voltage at the gate elec- 
trodes 22. Due to the presence of the high-ohm ic 
resistors 17 a possibly occurring voltage peak at 
one of the gate electrodes 22 at the location of the 

5 common connection of the resistors 17 is already 
substantially eliminated so that said crosstalk has 
become negligible. 

Fig. 5 shows diagrammatically a modification of 
the arrangement of Fig. 4 in which the cathode 7 is 

10 mounted at the lower side of the support 6 (for 
example, by means of flip-chip mounting) and the 
support is apertured for passing the beam at the 
location of the cathode 7. The reference numerals 
In Fig. 5 further have the same significance as 

76 those in Fig. 4. 

Fig. 6 shows another plan view in which the 
resistors 17, 17^, 17^ 17 constitute a voltage di- 
vider. The mutual ratios between the resistors are 
chosen to be such that, dependent on the voltages 

20 at the terminals 26, 27, the tappings 29, 29', 29" 
supply the correct voltages for the gate electrodes 
22, 22', 22" of the three cathodes 7R, 7G, 7B. 
These tappings are connected to the gate elec- 
trodes via bonding wires 23 diagrammatically 

26 shown, in this example via metallization strips 30 
provided on the support 6. 

The resistance division shown may alternative- 
ly be realised with resistors of, for example, poly- 
crystalline silicon provided on the insulating layer 

30 21. This is shown In Figs. 7 and 8. Fig. 7 is a 
diagrammatic plan view and Fig. 8 Is a cross- 
section taken on the line VIII-VIII in Fig. 7 of a 
semiconductor device provided with such a resis- 
tive voltage divider. Fig. 8 also shows the structure 

35 of such a semiconductor device in greater detail 
than in the other examples. 

The semiconductor cathode comprises a semi- 
conductor body 31, in this example of silicon. It 
comprises at a main surface 32 of the semiconduc- 

40 tor body an n-type surface region 33 which con- 
stitutes the pn junction 36 together with the p-type 
regions 34 and 35. The p-type region 37 and 
hence the emissive region 20 are chosen to be 
annular in this example. By applying sufficiently 

46 high voltages in the reverse direction across the pn 
junction, electrons are generated due to avalanche 
multiplication, which electrons may be emitted from 
the semiconductor body. The p-type region 35 is 
contacted at the lower side by a metal layer 38 in 

50 this example. This contact Is preferably realised 
via a highly doped contact zone 37. In this exam- 
ple the donor concentration in the n-type region 33 
at the surface is, for example 5.10'^ atoms/cm^, 
while the acceptor concentration in the p-type re- 

56 gion 34 is much lower, for example 5.10^^ 
atom/cm^. To decrease the breakdown voltage of 
the pn junction 36 locally, the semiconductor de- 
vice Is provided with a p-type region 35 of a higher 
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doping, located within an aperture in the insulating 
layer 21 provided on the surface. For further details 
of such a senniconductor cathode reference is 
nnade to USP 4,303,930. In a plan view, gate elec- 
trodes 22, 22' are arranged within the circular ap- 
erture 39 (and the consequently bare emissive part 
20), while (also in a plan view) gate electrodes 22", 
22'" are present outside this aperture. A resistive 
strip 40 made of, for example polysilicon is present 
on the insulating layer 21. The parts of the resistive 
strip denoted by braces now fulfil the same func- 
tion as the resistors 17^, 17** in Fig. 6. The resistors 
17 may also be mounted on a support again. To 
prevent breakdown of the insulating layer during 
spot-knocking, the ends of the resistive layer are 
connected to a terminal via the connection wire 24 
(or a bonding wire, if the cathode is mounted on a 
support again) and a high-ohmic resistor (not 
shown) when used in a cathode ray tube. 

Claims 

1. A cathode ray tube comprising a display win- 
dow, grids and at least one semiconductor 
cathode for generating an electron beam, a 
main surface of a semiconductor body of said 
cathode being provided with a electrically in- 
sulating layer having at least one aperture at 
the location of an electron-emitting area, at 
least one gate electrode being present on the 
electrically insulating layer, characterized in 
that the gate electrode is connected to a termi- 
nal via a relatively high-ohmic resistor. 

2. A cathode ray tube comprising at least one 
semiconductor cathode for generating an elec- 
tron beam, a main surface of a semiconductor 
body of said cathode being provided with an 
electrically insulating layer having at least one 
aperture at the location of a electron-generat- 
ing structure, at least one electrode for in- 
fluencing the emissive electron beam being 
present on the electrically insulating lay- 
er.characterized in that the electrode is con- 
nected to a terminal via a high-ohmic resistor. 

3. A cathode ray tube as claimed in Claim 1 or 2, 
characterized in that thein semiconductor cath- 
ode and the high-ohmic resistor are present on 
a common support. 

4. A cathode ray tube as claimed in any one of 
Claim 1 , 2 or 3, characterized in that the cath- 
ode ray tube comprises a plurality of semicon- 
ductor cathodes, each semiconductor cathode 
being connected to a terminal via a separate 
high-ohmic resistor. 
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5. A cathode ray tube as claimed in Claim 4, 
characterized in that the terminal is common 
for the different semiconductor cathodes. 

5 6. A cathode ray tube as claimed in Claim 4 or 5, 
characterized in that the common support also 
comprises a resistive voltage divider having 
tappings which are connected in an electrically 
conducting manner to gate electrodes of the 

70 semiconductor cathode. 

7. A cathode ray tube as claimed in Claim 4 or 5, 
characterized in that a resistive voltage divider 
is present on the electrically insulating layer at 

76 the main surface of the semiconductor body, 

said resistive voltage divider having tappings 
which are connected in a electrically conduct- 
ing manner to gate electrodes of the semicon- 
ductor cathode. 

20 

8. A cathode ray tube as claimed in Claim 7, 
characterized in that the resistive voltage di- 
vider comprises a resistive layer of polycrystal- 
line silicon. 

25 

9. A semiconductor cathode for generating a 
electron beam, a main surface of a semicon- 
ductor body of said cathode being provided 
with a electrically insulating layer having at 

30 least one aperture at the location of an elec- 

tron-generating structure, a plurality of elec- 
trodes for influencing the emissive electron 
beam being present on the electrically insulat- 
ing layer, characterized in that the semicon- 

35 ductor body on the electrically insulating layer 

comprises a resistive voltage divider having 
tappings which are connected in an electrically 
conducting manner to terminals of gate elec- 
trodes of the semiconductor cathode. 

40 

10. A semiconductor cathode as claimed in Claim 
9, characterized in that the resistive voltage 
divider comprises a resistive layer of poly- 
crystalline silicon. 

45 
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